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(54) METHOD OF SWITCHING BUSY LINE IN MOBILE COMMUNICATION NETWORK 



(57) A method of switching lines during data com- 
munication in a mobile communication system without 
lowering the data transfer rate and increasing traffic. In 
a mobile communication network comprising a data MS 
100, a BTS 200, a BSC 300, and a data communication 
network 1000, when data transfer lines are switched 
from a before-handoff data transmission-reception path 
500 to a before-handoff data transmission-reception 
path 500A in accordance with movement of the data MS 
100, switching of busy lines is performed such that the 
BSC 300 detects a timing at which data is not transmit- 
ted and received, and switches the lines at that timing. 
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Description 

Technical Field 

[0001] The present invention relates to a method of 
switching lines, a mobile station (MS), and a base sta- 
tion controller (BSC) in a mobile communication net- 
work that can perform data communication. 

Background Art 

[0002] Conventionally, in a mobile communication 
network comprising mobile stations, base transceiver 
systems (BTS) (including base station controllers), 
mobile switching centers (MSC), and their peripheral 
equipment, processing called "handoff is performed to 
continue a telephone conversation without causing dis- 
connection of the communication by switching lines in 
the upper level than the base transceiver systems 
according to movement of a mobile station. This handoff 
is classified into "hard handoff" and "soft handoff based 
on difference in line connecting and switching proce- 
dures. 

[0003] In "hard handoff", when a request for a start 
of handoff occurs in the course of communication, the 
communication is suspended for a while, and setting of 
line connection of the mobile station is switched from 
setting for a source base transceiver system (a base 
transceiver system that forms a radio area in which the 
mobile station is located before the movement of the 
mobile station) to setting for a target base transceiver 
system (a base transceiver system that forms a radio 
area in which the mobile station is located after the 
movement of the mobile station), and, at the same time, 
the target base transceiver system is activated. Then, in 
a node (for example, a base station controller) that 
accommodates both lines from the source and target 
base transceiver systeqns, processing (line switching) is 
carried out such that the line connected to a host net- 
work for the source base transceiver system is recon- 
nected for the target base transceiver system. Then, 
synchronism is established between the mobile station 
and the target base transceiver system, and the sus- 
pended communication is resumed (conventional tech- 
nique 1). The conventional technique 1 is described in 
"TIA/EIA/IS-634 MSC-BSC Interface for Public 800 
MHz" and in "Association of Radio Industries and Busi- 
nesses: RCR STD-27F Digital Automobile Telephone 
System". 

[0004] In "soft handoff", when a request for a start 
of handoff (Soft Handoff Addition) occurs in the course 
of communication, a target base transceiver system is 
activated, and a mobile station establishes setting for 
realizing connection with that base transceiver system, 
with a plurality of lines being established at the same 
time between the target base transceiver system and 
the mobile station and between the source base trans- 
ceiver system and the mobile station, without suspend- 



ing the busy line. 

[0005] Then, in a node (for example, a base station 
controller) that accomodates both of the above-men- 
tioned plurality of lines, the same communication 

5 frames (or packets) received from a plurality of base 
transceiver systems are selectively synthesized to con- 
vert them to one communication frame (or packet). This 
one communication frame obtained by the conversion is 
sent to a data communication network. 

10 [0006] On the other hand, a communication frame 
received by the base station controller and destined for 
the mobile station from the data communication network 
is duplicated by the number of the above-mentioned 
plurality of lines, and transmitted to the above-men- 

15 tioned plurality of lines. By the above-described 
processing, the mobile station and its host network are 
connected through a plurality of lines at the same time. 
This state is called a state of soft handoff. 
[0007] On the other hand, when, in the state of soft 

20 . handoff, release of one or more of the plurality of lines is 
requested (Soft Handoff Drop), a designated base 
transceiver system stops transmission and reception, 
and the mobile station stops communication with the 
base transceiver system in question, and continues 

25 communication utilizing the remaining lines. 

[0008] Further, also with respect to upper lines from 
the base transceiver system in question, an unneces- 
sary part of the lines is released when the base trans- 
ceiver system stops transmission and reception. Thus, 

30 soft handoff is a method that can effectuate continuous 
communication without suspension (or a short break) of 
the communication, by repeatedly carrying out the 
above-described serial processing (conventional tech- 
nique 2). The conventional technique 2 is described in 

35 TIA/EIA/IS-634 MSC-BSC Interface for Public 800 
MHz". 

[0009] Differently from voice communication, data 
communication requires that transmit and reception 
data is transferred without error between the end point 

40 on the transmit side and the end point on the reception 
side of the data (complete assurance). To this end, is 
generally employed a signaling system (for example, 
TCP) for performing confirmation of data delivery and 
control of retransmission between both end points. 

45 [0010] However, the above-mentioned signaling 
system brings overhead information added to the intrin- 
sic data part. Further, when there is a part of poor line 
quality between both end points, the data is retransmit- 
ted according to the signaling system in question. 

so These incur tightening of traffic of the whole communi- 
cation network and lowering of the data transfer rate 
between both end points. 

[0011] When the above-mentioned data communi- 
cation is realized in a mobile communication network, a 
55 wireless interval has poorer transmission quality than a 
wired interval, and has the narrowest bandwidth. Thus, 
the actual data transfer rate is defined by the data trans- 
fer rate in the wireless interval. Further, in a wireless 
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interval of a mobile communication network, handoff 
occurs as a mobile station moves, as described by the 
above-mentioned conventional techniques. 
[0012] When hard handoff described in the above- 
mentioned conventional technique 1 is started in the s 
course of data communication, the line is temporarily 
disconnected while the line switching processing is per- 
formed in each apparatus. As a result, data missing 
occurs between both end points. Thus, after the end of 
the hand off, retransmission control is performed to w 
retransmit the missing data, before reestablishing the 
data transmission and reception. Namely, when hard 
handoff is started, thereafter retransmission control of 
the data is carried out. And, as a result, the actual data 
transfer rate between both end points is largely lowered, is 
[0013] On the other hand, even when there arises 
soft handoff described in the above-mentioned conven- 
tional technique 2 in the course of data communication 
in the same network, data missing does not occur since 
temporary disconnection of the line does not happen as 20 
in the case of hard handoff. However, at the time of 
handoff, a plurality of handoff lines are established. 
Accordingly, one active session of data communication 
uses a plurality of lines, although a limited number of 
lines are set in advance for the network as a whole. 25 
Thus, the number of data communications that can be 
established at the same time is decreased. Further, in 
the case of packet communication, bandwidth per each 
data communication is decreased, and accordingly, the 
actual data transfer rate is lowered. 30 
[0014] An object of the present invention is to pro- 
vide a line switching method, a mobile station, and a 
base station controller that can perform handoff in the 
course of data communication in a mobile communica- 
tion network without lowering the data transfer rate. 35 
[0015] Another object of the present invention is to 
provide a line switching method, a mobile station, and a 
base station controller that can perform handoff in the 
course of data communication in a mobile communica- 
tion network without lowering the number of data com- 40 
munications capable of establishing at the same time. 

Disclosure of the Invention 

[0016] According to the present invention, for attain- 45 
ing the above objects, in a mobile communication sys- 
tem comprising a data terminal (data MS), base 
transceiver systems (BTS), a base station controller 
(BSC), a data communication network, and lines for 
connecting the above-mentioned elements with each so 
other, the BSC, during activation of data communica- 
tion, temporarily accumulates frames received from the 
connected BTS and data communication network into a 
frame buffer, judges if information is contained in each 
of a plurality of frames accumulated in the frame buffer, 55 
and stores the results of judgment into a frame informa- 
tion control table formed in a memory inside the BSC. 
On the other hand, during activation of data communi- 



cation, the data MS stores frames received from con- 
nected BTSs in a frame memory at any time. When the 
data MS receives a new frame, contents of the oldest 
frame is deleted to store contents of the new frame. 
[0017] When handoff (hereinafter, may be simply 
referred to as HO) is started, the BSC extracts a timing 
in which frames without containing information continue 
longer than the time required for the handoff, from the 
above-mentioned frame information control table. The 
extracted timing becomes the timing at which the hand- 
off is performed. A CPU has a means for instructing a 
switch to perform line switching from a source line to a 
target line at that timing. On the other hand, a signal 
processing part makes handoff start timing information 
be included in a signal directed to the MS, and that sig- 
nal is transmitted to the MS through the BTS. The data 
MS, which receives that signal by a signal processing 
part, has a means for detecting the handoff start timing 
contained in that signal, a means for detecting the first 
of the frames that are stored in the frame memory and 
to be sent at that timing, and a means for starting 
retransmission from that frame at the same time with 
that timing. 

Brief Description of Drawings 
[0018] 

Fig. 1 is a block diagram showing a mobile commu- 
nication network to which the present invention is 
applied: 

Fig. 2 is a block diagram showing the inner struc- 
ture of a BSC; 

Rg. 3 is a diagram showing a state of accumulation 
of frames in a frame buffer adapted for a line on the 
side of NW; 

Fig. 4 is a diagram showing a state of accumulation 
of frames in a frame buffer adapted for a line on the 
side of BTS; 

Rg. 5 is a block diagram showing the inner struc- 
ture of a data MS; 

Rg. 6 is a diagram showing a state of storage and 
accumulation of frames in an MS frame memory; 
Rg. 7 is a diagram showing a signal sequence at 
the time of handoff-between MS - BTS - BSC; 
Rg. 8 is a diagram showing relation between hand- 
off timing and information vacancy timing; and 
Fig. 9 shows a configuration of a frame information 
control table inside the BSC. 

Best Mode for Carrying Out the Invention 

[0019] Now, embodiments of the present invention 
will be described referring to the figures. 
[0020] Fig. 1 shows an outlined configuration of a 
communication network system to which the present 
invention is applied. 

[0021] This network comprises a data MS (mobile 
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station) 100, a BTS (base transceiver system) 200, a 
BSC (base station controller) 300, and a data communi- 
cation network 1000. Further, the above-mentioned ele- 
ments are connected with each other through a radio 
line 1 50, a BTS - BSC line 250, or a BSC - data commu- 
nication network line 400. When the data MS 100 is in 
the course of communication with another data commu- 
nication apparatus through the data communication net- 
work 1000, data is transferred through the data MS 100, 
the radio line 150, the BTS 200, the BTS - BSC line 250, 
the BSC 300, the BSC - data communication network 
line 400, and the data communication network 1000. 
Here, the direction in the case that the data is trans- 
ferred from the data MS 100 toward the data communi- 
cation network 1000 is called the uplink, and the 
direction in the case that the data is transferred from the 
data communication network 1000 toward the data MS 
100 is called the downlink. 

[0022] When the MS 100 moves while connected 
with the BST 200 through the radio line 150 and 
reaches an area in which a radio line with the BTS 200A 
can be established, then the BSC 300 switches lines 
from the BTS - BSC line 250 to BTS - BSC line 250A at 
a timing when there is no data to be sent or received. By 
that operation, the communication is continued using a 
new channel (after- nan doff data transmission and 
reception path 500A) that passes through the data MS 
100, the radio line 150A, the BTS 200A, the BTS - BSC 
line 250A, the BSC 300, the BSC - data communication 
network line 400, and the data communication network 
1000. On the other hand, the channel (before -nan doff 
data transmission and reception path 500) through 
which the communication has been performed is dis- 
connected and released at the part of the radio line 150 
and the BTS - BSC line 250. This operational process- 
ing is called "handoff", and, by repeating this operation, 
data missing does not occur even if the data MS 100 
moves in the course^ of data communication, high 
throughput is ensured, and the communication is con- 
tinued. 

[0023] fig. 2 shows an outline of the inner structure 
of the BSC 300. 

[0024] The BSC 300 comprises: a BTS-side inter- 
face part 301 that accommodates the BTS - BSC line 
250; an NW-side interface part 302 that accommodates 
the BSC - data communication network line 400; a 
switch 303 for performing switching between the above- 
mentioned lines 250 and 400; a signal processing part 
304 for analyzing and generating control signals on both 
BTS- and NW-side interfaces; a CPU 305 for performing 
control processing for each element inside the BSC; a 
memory 306 for storing control information and a pro- 
gram for the above-mentioned control processing; a 
control signal bus 307 used for sending and receiving 
the above-mentioned control signals between the ele- 
ments; a buffer 310 adapted for a BTS-side line, which 
temporarily accumulates data frames received through 
the BTS - BSC line 250; and a buffer 320 adapted for an 



NW-side line, which temporarily accumulates data 
frames received through the BSC - data communication 
network line 400. 

[0025] A data frame received by the BTS-side inter- 

5 face part 301 through the BTS - BSC line 250 is sent to 
the buffer 310 adapted for the BTS-side line prepared 
correspondingly to each line, accumulated temporarily 
in that buffer, and sent to the switch 303 in FIFO order. 
At this time, the buffer 310 adapted for the BTS-side line 

w accumulates a given number of frames, and judges if 
data is contained in each of the above-mentioned 
frames. The judgment result is sent to a frame informa- 
tion control table 350 (see Fig. 9) in the memory 306 
through the control signal bus 307, and stored into the 

is above-mentioned table. On the other hand, similarly to 
the BTS side, also a data frame received by the NW- 
side interface part 302 through the BSC - data commu- 
nication network line 400 is temporarily accumulated in 
the buffer 320 adapted for the NW-side line, and, in that 

20 buffer 320, it is judged if data is contained or not. The 
judgment result is stored into the frame information con- 
trol table 350. The information in the frame information 
control table 350 is updated every time a frame is 
received by the buffer 31 0 or 320. 

25 [0026] In the BSC 300 carrying out the above- 
described operation, when a handoff request is made 
by the data MS 100, the BTS 200, the data network 
1000, or the BSC 300 itself, that handoff request is 
received by the signal processing part 304 for a while. 

30 When the handoff request is recognized, a handoff pro- 
gram stored in the memory 306 is activated on the CPU 
to start the handoff processing. First, the handoff 
processing searches a part of the frame information 
control table 350 in which, out of the received frames on 

35 the BTS side and on the NW side, frames without con- 
taining data exist consecutively for more than a period 
of time required for the handoff processing. When such 
a part is detected, a timing from a start to an end of 
sending the frames in that part from the buffers 31 0 and 

40 320 is calculated. And, a signal indicating line switching 
within that timing is sent to the switch 303 through the 
control signal bus 307. Further, it is informed to the MS 
by means of the control signal processing part 304 and 
through the BTS that line switching, i.e. handoff, is to be 

45 carried out in that timing. Then, when the switch 303 
switches the lines in that timing, the handoff processing 
is finished. 

[0027] Fig. 3 shows a state of accumulation of 
frames in the frame buffer 320 adapted for a line on the 

so side of NW. 

[0028] The NW-side frame buffer 320 receives data 
frames one by one through the BSC - data communica- 
tion network line 400. The accumulated data frame 10 
are accumulated in turn from the frame buffer number 

55 #1 to the number #n A frame is sent from the frame 
buffer #1 to the switch 303, and, at the same time, the 
buffer number of each accumulated frame is changed 
by -1 . A new frame received from the data communica- 
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tion network 1 000 is accumulated at #n. With respect to 
each of the accumulated frames, it is judged if that 
frame contains information or not (when information is 
contained, it is judged as "information present", and oth- 
erwise, it is judged as "no information found"). After the 
judgment, one set of frame information is defined by a 
combination of a frame number specific to the judged 
frame, existence or nonexistence of information con- 
tained in that frame, and a frame buffer number at which 
that frame is accumulated. Then, n sets of frame infor- 
mation relating to all the frames in accumulation in the 
frame buffer 320 adapted for a line on the NW side are 
sent to the memory 306 through the control signal bus 
307 whenever the accumulated frames in the frame 
buffer 320 are updated. The sent information is stored in 
the frame information control table 350. 
[0029] Fig. 4 shows a state of accumulation of 
frames in the frame buffer 310 adapted for a line on the 
side of BTS. 

[0030] The BTS-side frame buffer 310 receives a 
data frame 1 1 one by one through the BTS - BSC line 
250 and accumulates received frames in turn from the 
frame buffer number #1 to the number #n. The accumu- 
lated frame is sent from the frame buffer #1 to the switch 
303, and, at the same time, the buffer number of each 
accumulated frame is changed by -1. A new frame 
received from the BTS is accumulated at #n. With 
respect to each of the accumulated frames, it is judged 
if that frame contains information or not (when informa- 
tion is contained, it is judged as "information present", 
and otherwise, it is judged as "no information found"). 
After the judgment, one set of frame information is 
defined by a combination of a frame number specific to 
the judged frame, existence or nonexistence of informa- 
tion contained in that frame, and a frame buffer number 
at which that frame is accumulated. Then, n sets of 
frame information relating to all the frames in accumula- 
tion in the frame buffer 310 adapted for a line on the 
BTS side are sent to the memory 306 through the con- 
trol signal bus 307 whenever the accumulated frames in 
the frame buffer 310 are updated. The sent information 
is stored in the frame information control table 350. 
[0031] Fig. 5 shows an outline of the inner structure 
of the data MS 100. 

[0032] The data MS 100 comprises: an antenna 
101 and a transmitter- receiver 102 for performing radio 
transmission and reception to and from a BTS; a radio 
interface part 103 that accommodates the radio link 
1 50; a data-terminal-side interface part 1 05 for realizing 
connection with a data terminal; a signal processing 
part 1 07 for analyzing and generating control signals on 
both BTS- and data-terminal-side interfaces; a CPU 1 06 
for performing control processing for each element 
inside the data MS; a memory 108 for storing control 
information and a program for the above-mentioned 
control processing; a control signal bus 109 used for 
sending and receiving the above-mentioned control sig- 
nals between the elements; and an MS frame memory 



1 04 for temporarily storing data frames sent through the 
radio link 150. 

[0033] A data frame 1 1 received by the data-termi- 
nal-side interface part 1 05 is sent to the MS frame mem- 

5 ory 104. When that frame information is stored in the 
frame memory 1 04, that frame is sent to the radio inter- 
face part 103, and is sent to the BTS 200 through the 
transmitter-receiver 102 and the antenna 101. The MS 
frame memory 104 stores p (p: integer) frames at any 

10 time, and, when a new frame is received, contents of the 
oldest frame are erased to store the contents of the new 
frame. Further, when the signal control part 107 
receives a signal indicating nan doff, which includes 
handoff timing information, from the side of the BTS 

15 through the antenna 101, the transmitter-receiver 102, 
the radio interface part 1 03, and the control signal bus 
109, then, based on the handoff timing information, the 
CPU 106 calculates the specific number of the frame 
that will passing the switch 303 just after the BSC 
'20 switches lines, and instructs the MS frame memory 104 
to perform retransmission from the frame having the 
same number as the above-mentioned specific number 
of the frame. By this instruction, the MS frame 104 
starts retransmission from the frame having that frame 

25 number. 

[0034] On the other hand, a data frame 10 sent 
from the BTS 200 is received through the antenna 1 01 , 
the transmitter-receiver 1 02, and the radio interface part 
1 03, and sent to the data terminal side through the data- 
30 terminal-side interface 105 without being stored in the 
frame memory 104. 

[0035] Fig. 6 shows a state of storage and accumu- 
lation of frames in the MS frame memory 1 04. 
[0036] Data frames 1 1 received from the data termi- 

35 nal are stored into the frame buffer from frame buffer 
number #1 through #p in turn. Frames are sent to the 
switch 303 of the BSC 300 from the frame whose frame 
buffer number is indicated by the CPU 106, and the 
buffer number of the accumulated frames is changed by 

40 -1 . 

[0037] On the other hand, separately from the MS 
frame buffer, the data MS is provided with a reception 
buffer required for receiving frames from a BTS. This 
reception buffer has essentially no relation to the 
45 processing operation of the present invention, and 
therefore is not shown in the figure. 
[0038] Fig. 7 shows an outline of a signal sequence 
between MS - BTS - BSC from a start to an end of hand- 
off. 

so [0039] When the BSC 300 decides to perform 
handoff (HO) in the course of communication with the 
data network through the data MS 100 - source BTS 
200 - BSC 300 (701), the BSC 300 starts to search the 
frame information control table 350 stored in the mem- 

55 ory 306 within the BSC 300 for information vacancy tim- 
ing that is longer than the time required for the handoff 
(702). When that timing is found, the timing is decided 
as handoff timing (703). Next, the BSC puts the decided 
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handoff timing information (the first and last specific 
numbers of the frames in successive information 
vacancy frames) and the information on the BTS that is 
the target of the handoff (target line information) into a 
handoff information notification signal 705, and sends 
the signal to the data MS 1 00. On receiving that signal, 
the data MS 1 00 switches the lines by switching setting 
of the transmitter-receiver based on the handoff timing 
information, and by starting retransmission from the 
frame at the timing corresponding to the handoff timing 
of the MS frame memory (707). On the other hand, also 
the BSC 300 switches the lines at the handoff timing 
that it itself decided (706). After the end of the above 
operation, the data communication is restarted between 
the MS 1 00 - target BTS 200A - BSC 300 - data commu- 
nication network 1000. 

[0040] Fig. 8 shows relation between the handoff 

timing and the information vacancy timing. 

[0041] With respect to frames accumulated in the 

frame buffer adapted for an NW-side line and in the 

frame buffer adapted for a BTS-side line, 

when the following conditions are satisfied: 

(1) there are parts each consisting of successive 
frames containing no data (information vacancy 
timings). 

(2) the information vacancy timings of both buffers 
overlap, and 

(3) the overlap timing is longer than the time 
required for the handoff, 

then, this overlap timing becomes "handoff timing". 
[0042] In the case that the above-mentioned "hand- 
off timing" does not exist, the following processing is 
carried out to generate a "handoff timing" forcibly. 

(1) First, there will be described a case where both 
the frame buffer 320 adapted for an NW-side line 
and the frame buffer 310 adapted for a BTS-side 
line do not have a part successively containing no 
data. Received frames are transferred from the 
frame buffer 320 adapted for a line on the NW side 
and the frame buffer 310 adapted for a line on the 
BTS side to NW-side and BTS-side frame buffers 
(not shown) provided, in the BTS 300, separately 
from each other, to forcibly- generate parts each 
consisting of successive frames containing no data. 
At that time, the processing is performed such that 
both the NW and BTS sides have the same timing. 

(2) Next, there will be described a case where the 
frame buffer 320 adapted for a line on the NW side 
has a part successively containing no data, while 
the frame buffer 310 adapted for a line on the BTS 
side does not have such a part. 

In this case, in conformity with the information 
vacancy timing that exists in the frame buffer 320 
adapted for a line on the NW side, frames are trans- 
ferred from the frame buffer 310 adapted for a line 



on the BTS side to the above-mentioned sepa- 
rately-provided frame buffer such that information 
vacancy timing is generated in the frame buffer 310 
adapted for a line on the BTS side. 

s (3) Last, there will be described a case where the 

frame buffer 310 adapted foralineonthe BTS side 
has a part successively containing no data, while 
the frame buffer 320 adapted for a line on the NW 
side does not have such a part. 

w In this case, in conformity with the information 

vacancy timing that exists in the frame buffer 310 
adapted for a line on the BTS side, frames are 
transferred from the frame buffer 320 adapted for a 
line on the NW side to the above-mentioned sepa- 

15 rately-provided frame buffer such that information 
vacancy timing is generated in the frame buffer 320 
adapted for a line on the NW side. 

[0043] The processing of the above cases (1) 
20 through (3) is carried out by the CPU 305 according to 
the program in the memory 306. 

[0044] It goes without saying that, in any of the 
above cases (1) through (3), the forcibly-generated 
information timing or timings make the overlap timing 

25 longer than the time required for the handoff. 

[0045] Further, in the cases of the above (1) and 
(2), in order to forcibly generate the information vacancy 
timing in the frame buffer 310 adapted for a line on the 
BTS side, the data MS or BTS may be controlled to 

30 inhibit transfer. 

[0046] According to the above-described operation, 
handoff timing can be forcibly generated by the BSC 
300. 

[0047] Fig. 9 shows a state of information control in 
35 the frame information control table 350 inside the BSC 
300. 

[0048] in the table 350, when n sets of frame infor- 
mation (each consisting of a frame specific number, 
existence or nonexistence of information contained in 

40 the frame, and a frame buffer number at which the frame 
is accumulated) sent from the frame buffer 320 adapted 
for a line on the NW side and the frame buffer 310 
adapted for a line on the BTS side are received, a frame 
buffer number is used as a key to search the same 

45 number in the "frame buffer number" 351 on the table 
350. Then, into the corresponding "downlink frame spe- 
cific number" 352 and "existence of downlink frame 
information" 353, are entered a frame specific number 
and existence or nonexistence of information contained 

so in that frame, which are sent from the frame buffer 
adapted for a line on the NW side. And, into the "uplink 
frame specific number" 354 and "existence of uplink 
frame information" 355, are entered a frame specific 
number and existence or nonexistence of information 

55 contained in that frame, which are sent from the frame 
buffer adapted for a line on the BTS side. Next, the entry 
of the "existence of downlink frame information" and the 
entry of the "existence of uplink frame information" are 
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compared for each line starting from the frame buffer 
number #n on the table 350. When both entries are 
"No", following values are set into the "switching frame 
information" 356: the switching frame information value 
(k-th line) = the switching frame information value (k+1- 
th line) + 1 ( k=n~1 ; the switching frame information 
value (n + 1) = 0), and otherwise, the switching frame 
information value (k-th line) = 0. 

[0049] The above-described write operation of the 
frame information into the table 350 is carried out when- 
ever one frame is received by both buffers 310 and 320. 
[0050] When the processing operation of nan doff is 
started and the handoff timing is searched, the "switch- 
ing frame information" 350 of the table 350 is referred to. 
For example, in the case that the time required for hand- 
off is more than three frames, a line whose value of the 
switching frame information is 3 or more is searched. 
Then, the handoff timing is decided as the period 
between the transmission and reception timing (succes- 
sive vacancy frame transmission timing) of the frame 
showing the maximum value among the detected 
switching frame information values and the transmis- 
sion and reception timing (successive vacancy frame 
transmission end timing) of the frame that appears as 
the first switching frame information value 1 under the 
above-mentioned line. The frame buffer number corre- 
sponding to the successive vacancy frame transmission 
timing and the frame buffer number corresponding to 
the successive vacancy frame transmission end timing 
are sent to the CPU 305. Based on that timing informa- 
tion, the CPU 305 calculates the actual time at which 
the switch 303 switches the lines. At that time, the 
switch 303 switches from the source line to the target 
line. On the other hand, the handoff timing decided 
above is transmitted to the data MS 1 00 by means of the 
signal processing part 304 through the source BTS 200. 
Based on that information, the data MS 100 decides 
frame retransmission timing and starts the retransmis- 
sion. 

Industrial Applicability 

[0051] In a mobile communication network to which 
the present invention is applied, when handoff is started 
owing to movement of a data terminal in the course of 
communication, actual data missing does not occur 
although the data communication network is temporarily 
disconnected. Accordingly, it is possible to realize hand- 
off that does not invite lowering of the data transfer rate. 
Further, since the actual data missing can be excluded 
without using the conventional soft handoff, and simul- 
taneous use of a plurality of lines is not necessary, the 
number of admitted subscribers is expected to increase 
in comparison with the data communication network 
using the soft handoff. Further, in the case that the 
present invention is applied to packet data communica- 
tion, traffic is not tightened since soft handoff is not 
used, and accordingly, lowering of the data transfer rate 



can be prevented. 
Claims 

5 1. A method of switching lines in a data MS (100), a 
plurality of base transceiver systems (200) accom- 
modating said data MS through radio lines (150), a 
base station controller (300) accommodating said 
plurality of base transceiver systems, and a data 

10 communication network (1000) connected to said 
base station controller, wherein: 

when said data MS, in the course of transmit- 
ting discontinuous data through a before-m ove- 
rs ment base transceiver system, which is one of 
said plurality of base transceiver systems, in an 
area formed by said before-movement base 
transceiver, moves to an area formed by an 
after-movement base transceiver system differ- 
20 ent from said before-movement base trans- 
ceiver system, 
said base station controller: 
detects a timing at which data transmission and 
reception are not performed with said before- 
25 movement base transceiver system; and 

switches, at said timing, from a line set through 
said before-movement base transceiver sys- 
tem to a line through said after-movement base 
transceiver system, which is required after 
30 movement. 

2. The method of switching lines according to Claim 1 , 
wherein: 

35 said timing at which data transmission and 

reception are not performed, which is detected 
by said base station controller, is communi- 
cated to said data MS. 

40 3. A method of switching lines in a data MS (100), a 
plurality of base transceiver systems (200) accom- 
modating said data MS through radio lines (150), a 
base station controller (300) accommodating said 
plurality of base transceiver systems, and a data 

45 communication network (1000) connected to said 
base station controller, wherein: 

when said data MS, in the course of transmit- 
ting discontinuous data through a before-move- 

so ment base transceiver system, which is one of 

said plurality of base transceiver systems, in an 
area formed by said before-movement base 
transceiver, moves to an area formed by a 
after-movement base transceiver system differ- 

55 ent from said before-movement base trans- 

ceiver system, 
said base station controller: 
detects, one by one, timings at which data from 
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said data communication network is not 
received and timings at which data from said 
base transceiver system is not received; 
obtains a timing at which data is not received 
both from said data communication network 5 
and said base transceiver system; and 
switches, at said obtained timing, from a line 
set through said before-movement base trans- 
ceiver system to a line through said after-move- 
ment base transceiver system, which is io 
required after movement. 

4. The method of switching lines according to Claim 3, 
wherein: 

15 

said timing at which data is not received both 
from said data communication network and 
from said base transceiver system, which is 
detected by said base station controller, is 
communicated to said data MS. 20 

5. A method of switching lines in a data MS (100), a 
plurality of base transceiver systems (200) accom- 
modating said data MS through radio lines (150), a 
base station controller (300) accommodating said 25 
plurality of base transceiver systems, and a data 
communication network (1000) connected to said 
base station controller, wherein: 

when said data MS, in the course of transmit- 30 
ting discontinuous data through a before-move- 
ment base transceiver system, which is one of 
said plurality of base transceiver systems, in an 
area formed by said before-movement base 
transceiver, moves to an area formed by an 35 
after-movement base transceiver system differ- 
ent from said before-movement base trans- 
ceiver system, , 
said base station controller: 

receives downlink communication frames from 40 
said data communication network and judges if 
data is contained in said received frames to 
detect a timing at which data is not received, 
receives uplink communication frames from 
said base transceiver system and judges if 45 
data is contained in said received frames to 
detect a timing at which data is not received; 
obtains a timing at which data is not received 
both from said data communication network 
and from said base transceiver system; and so 
switches, at said obtained timing, from a line 
set through said before-movement base trans- 
ceiver system to a line through said after-move- 
ment base transceiver system, which is 
required after movement. 55 

6. The method of switching lines according to Claim 5, 
wherein: 



said timing at which data is not received both 
from said data communication network and 
from said base transceiver system, which is 
detected by said base station controller, is 
communicated to said data MS. 

7. The method of switching lines according to Claim 5, 
wherein: 

said data MS: 

stores, temporarily, a plurality of frames to be 
sent to said base transceiver system; 
detects a frame corresponding to said commu- 
nicated timing among said plurality of frames 
stored temporarily in the data MS; and 
performs retransmission from said detected 
frame. 

8. A method of switching lines in a data MS (100), a 
plurality of base transceiver systems (200) accom- 
modating said data MS through radio lines (150), a 
base station controller (300) accommodating said 
plurality of base transceiver systems, and a data 
communication network (1000) connected to said 
base station controller, wherein: 

when said data MS, in the course of transmit- 
ting discontinuous data through a before-move- 
ment base transceiver system, which is one of 
said plurality of base transceiver systems, in an 
area formed by said before-movement base 
transceiver, moves to an area formed by an 
after-movement base transceiver system differ- 
ent from said before-movement base trans- 
ceiver system, 
said base station controller: 
receives downlink communication frames from 
said data communication network and accumu- 
lates said frames in an NW-side buffer in said 
base station controller; 

judges if data is contained in each of all the 
frames accumulated in said NW-side buffer, to 
detect a timing at which data is not received for 
a certain period of time; 

receives uplink communication frames from 
said base transceiver system and accumulates 
said frames in a base-transceiver-system-side 
buffer in said base station controller; 
judges if data is contained in each of all the 
frames accumulated in said base-transceiver- 
system-side buffer, to detect a timing at which 
data is not received for a certain period of time; 
obtains a timing at which data is not contained 
in both said uplink communication frames and 
said downlink communication frames for a cer- 
tain period time; and 

switches, at said obtained timing, from a line 
set through said before-movement base trans- 
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ceiver system to a line through said after-move- 
ment base transceiver system, which is 
required after movement. 

9. The method of switching lines according to Claim 8, 
wherein: 

with respect to each of the communication 
frames accumulated in each of said NW-side 
buffer and said base-transceiver-system-side 
buffer, a specific number of the frame and exist- 
ence or nonexistence of information contained 
in said frame are stored into an information 
control table, being associated with a frame 
buffer number of the frame; and 
said table is used to detect a timing at which 
data is not contained in both said uplink com- 
munication frames and said downlink commu- 
nication frames, for a certain period of time. 

10. The method of switching lines according to Claim 9, 
wherein: 

said timing at which data is not received, which 
is detected by said base station controller, is 
communicated to said data MS. 

11. The method of switching lines according to Claim 
10, wherein: 

said data MS: 

stores, temporarily, a plurality of frames to be 
sent to said base transceiver system; 
detects a frame number corresponding to said 
communicated timing among said plurality of 
frames stored temporarily in the data MS, said 
detection being carried out based on contents 
of said table; and 

performs retransmission from said detected 
frame. 

12. The method of switching lines according to Claim 
10, wherein: 

said timing communication to said data MS is 
carried out by communicating the frame 
number corresponding to the timing at which 
data is not received both from said data com- 
munication network and from said base trans- 
ceiver system, which is detected by said base 
station controller. 

13. The method of switching lines according to Claim 
12, wherein: 

said data MS stores, temporarily, a plurality of 
frames to be sent to said base transceiver sys- 
tem and respective frame numbers of said plu- 



rality of frames; 

said frame number corresponding to the timing 
at which data is not received both from said 
data communication network and from said 
s base transceiver system, which is detected by 

said base station controller, is communicated 
to said data MS; and 

said data MS detects a frame corresponding to 
said frame number, which is sent at said timing, 
10 among said plurality of frames temporarily 

stored in said data MS, and performs retrans- 
mission from said detected frame. 

14. A base station controller in a data MS (100), a plu- 
15 rality of base transceiver systems (200) accommo- 
dating said data MS through radio lines (150), a 
base station controller (300) accommodating said 
plurality of base transceiver systems, and a data 
communication network (1000) connected to said 
20 base station controller, said base station controller 
comprising: 

an NW-side interface part for receiving commu- 
nication frames from said data communication 

25 network; 

an NW-side buffer for accumulating frames 
received from said NW-side interface part: 
a base -transceiver-system-side interface part 
for receiving communication frames from said 

30 base transceiver systems; and 

a base -transceiver-system-side buffer for accu- 
mulating frames received from said base-trans- 
ceiver-system-side interface part. 

35 15. The base station controller according to Claim 14, 
further comprising: 

a means for judging existence or nonexistence 
of data contained in each of the frames accu- 
40 mutated in said NW-side buffer and said base- 

transceiver-system-side buffer. 

16. The base station controller according to Claim 15, 
further comprising: 

45 

a means for identifying a frame number of each 
of the frames accumulated in said NW-side 
buffer and said base-transceiver-system-side 
buffer; and 

so a means for storing a result of judgement on 

existence or nonexistence of data and a corre- 
sponding frame number, in association with 
each of the frames accumulated in the NW-side 
buffer and the base-transceiver-system-side 

55 buffer. 

17. A base station controller in a data MS (100), a plu- 
rality of base transceiver systems (200) accommo- 
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dating said data MS through radio lines (150), a 
base station controller (300) accommodating said 
plurality of base transceiver systems, and a data 
communication network (1000) connected to said 
base station controller, said base station controller 5 
comprising: 

an NW-side interface part for receiving commu- 
nication frames from said data communication 
network; 10 
an NW-side buffer for accumulating frames 
received from said NW-side interface part; 
a base-transceiver-system-side interface part 
for receiving communication frames from said 
base transceiver systems; is 
a base-transceiver-system-side buffer for accu- 
mulating frames received from said base-trans- 
ceiver-system-side interface part; 
a means for judging existence or nonexistence 
of data contained in each of the frames accu- 20 
mulated in said NW-side buffer and said base- 
transceiver-system-side buffer; 
a means for identifying a frame number of each 
of the communication frames accumulated in 
said NW-side buffer and said base-transceiver- 25 
system-side buffer; 

a means for storing said identified frame 
number and said judged existence or nonexist- 
ence of data, in association with a frame buffer 
number of each of the frames stored in the NW- 30 
side buffer and the base-transceiver-system- 
side buffer; 

a means for extracting a timing at which data is 
not received both from said data communica- 
tion network and from said base transceiver 35 
systems, said extraction being performed 
based on said association in said means for 
storing; and ^ 

a means for extracting each frame number cor- 
responding to said extracted timing. 40 

18. The base station controller according to Claim 17, 
further comprising a means for sending said 
extracted each frame number to said data MS. 

45 

19. A data MS in a data MS (100), a plurality of base 
transceiver systems (200) accommodating said 
data MS through radio lines (150), a base station 
controller (300) accommodating said plurality of 
base transceiver systems, and a data communica- so 
tion network (1000) connected to said base station 
controller, said data MS comprising: 

a means for temporarily storing frames to be 
sent to said base station controller; ss 
a means for extracting a specific frame out of 
said plurality of stored frames, based on infor- 
mation on said specific frame indicated by said 



base station controller; and 

a means for starting retransmission from said 

extracted frame. 

20. The data MS according to Claim 19, wherein: 

said means for temporarily storing stores 
frames and frame numbers of said frames. 
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